Differential hemolysis was first used by Todd and White (2) in studies on the survival of the red cells of one bull when transfused into the circulation of a second bull. Willenegger (3) employed a method of differential hemolysis to study the survival of normal human erythrocytes transfused into the circulation of normal human recipients.
Differential hemolysis is employed in the study of survival of red cells in a manner similar to differential agglutination. Compatible but antigenically distinct red cells are introduced by transfusion into the circulation of a suitable recipient. The survival of these transfused red cells can then be followed during their life span in the recipient by taking samples of blood containing the mixed cell population, eliminating the cells of the recipient by exposing the mixture to the appropriate hemolytic antiserum, and counting the remaining number of donor cells which are not subject to hemolysis. The method of differential hemolysis is different from that of differential agglutination in that hemolysins are used instead of the corresponding agglutinins in the separation of the mixed cell population. Since Anti-A and Anti-B 'Supported in part by Grant H-1263 (c) from the National Institutes of Health, U. S. Public Health Service.
2Melbourne Fellow in Medicine, University Hospitals of Cleveland, Ohio. Present address, Royal Melbourne Hospital, Melbourne, Australia. are the only isoantibodies which occur in the form of potent hemolysins the technique is limited to transfusions within the ABO system and, unlike the method of differential agglutination, cannot be used in studies dependent on the M, N, or D antigens.
The ability of the hemolytic sera employed to hemolyze all but a very small fraction of the cells of the appropriate blood group is obviously of importance if the method is to be reliable. It was found that even the most potent hemolytic antisera did not lyse all the cells in any instance, and that a small number of unhemolyzed red cells always remained. In any prospective recipient for a study of cell survival it is necessary, therefore, to determine the number of his cells per mm". which are not hemolyzable by the hemolytic antiserum to be used in the study. This number, which corresponds to the unagglutinable or blank count in the method of differential agglutination, will be referred to as the blank count. If the method of differential hemolysis is to be reliable in the estimation of the survival of transfused cells the blank counts of any hemolytic antisera used must conform to the specifications established for satisfactory antisera in the method of differential agglutination. Accordingly, the blank count must be low. About 20,000 cells per mm3. is usually regarded as the upper limit permitted (4) . Also, the blank count should not vary significantly on storage of the serum for periods of at least five months.
To assess the reliability and accuracy of the method of differential hemolysis, the survival of transfused red cells was estimated in parallel by this technique and by a standard method of differential agglutination in seven individuals. Blank counts were performed on a number of normal individuals and on patients in a general medical 835 ward. In some cases these counts were repeated after an interval of some months to determine whether or not any significant change occurred. The number of group 0 cells was also estimated in known mixtures of these with either group A or group B cells.
MATERIALS AND METHODS

Transfused blood
Blood from group 0 donors was taken into a standard acid citrate dextrose solution4 and stored at 20 C.
In no instance was the duration of such storage prior to transfusion longer than 48 hours. Immediately prior to transfusion in each case the plasma was removed and, after washing the cells once in an equivalent volume of saline, this also was removed and replaced with a further volume of saline, Cross matching was performed in each case in 30 per cent bovine albumin and by means of an indirect Coombs test by standard procedures (5) . Estimation of surviving donor cells 1. Method of differential agglutination. Dried immune rabbit Anti-A, Anti-B, and Anti-M sera (Lederle) which gave satisfactorily low blank counts in each case were used in the procedure described by Ebert and Emerson (6) with only minor modification. Dilutions of whole blood were made in two ways. As described by Emerson (7) , 0.1 ml. of whole blood was pipetted into 0.9 ml. of 0.85 per cent sodium chloride solution to make a 1 in 10 dilution. One-tenth ml. of this 'Ao dilution was then added to 1.9 ml. of 0.85 per cent sodium chloride solution to produce a final dilution of 1 5 Calibrated by the manufacturer to contain 0.1 ml. with the volume adjusted to a tolerance of ± 0.00025 ml. ml. of group A blood. Sera from this patient (DB1 and DB2) were obtained 10 and 24 days after this transfusion of incompatible blood and contained an Anti-A henolysin capable of giving satisfactory blank counts if used undiluted. These antisera, however, proved unsatisfactory if diluted at all and could not therefore be used in the method of differential hemolysis described below in which fresh serum was added as a source of complement. More potent hemolytic antisera were obtained from the Knickerbocker Blood Bank, New York, New York. These were prepared by the immunization of group B and group A volunteers, respectively, by two subcutaneous injections of commercially prepared group A and group B specific substance given 24 hours apart. The serum of the volunteers was harvested 10 days later. All sera were stored in amounts sufficient for one determination (about 0.2 ml.) in sealed glass ampoules at -150 C.
a. Differential hemolysis wuithout added fresh serum. About 1 ml. of freshly drawn venous blood was placed, without anticoagulant, onto a paraffined watch glass. A sample of 0.1 ml. of this blood, measured within the accuracy of a Folin and Wu pipette, was delivered into 5.00 ml. of 0.85 per cent sodium chloride solution to produce a final whole blood dilution of 1 in 51. This red cell suspension was then thoroughly mixed by repeated gentle inversion. Using an automatic glass pipette which delivered approximately 0.1 ml., equal volumes of this red cell suspension and of hemolytic antiserum were pipetted into a culture tube of dimensions 10 X 75 mm. which was stoppered and incubated in a water bath at 370 C. for 15 minutes.
b. Differential hemolysis with added fresh serum. The procedure as described above was modified as follows. An equal volume of the recipients fresh serum was added, by means of the same automatic glass pipette, to the suspension of red cells before the addition of the volume of hemolytic anti-serum. Thus the final dilution of the sample of blood was 1 in 153 (1 in 51 X 3) in this method instead of 1 in 102 (1 in 51 X 2) in the method described previously. Incubation was carried out as above for 15 minutes at 37°C.
In all cases the same Folin and Wu 0.1 ml. pipettes were used in making dilutions and the same counting chamber was used in cell counts for both methods. RESULTS 
Blank counts
The number of unhemolyzed cells per mm". of whole blood was determined in 19 individuals using the appropriate group specific antisera. At the commencement of this study no fresh serum, was added to the mixture of cells and antiserum. Using this technique eight group A subjects were studied using seven antisera and one group B subject using five antisera. The blank counts obtained were satisfactory since none was more than 26,000 RED CELL SURVIVAL BY ]DIFFERENTIAL HFMOLYSIS jects. No group A2 subjects were studied. Eleven Anti-A sera and nine Anti-B sera were used of which eight Anti-A and five Anti-B sera proved satisfactory since the blank count was less than 30,000 red cells per mm8. The unsatisfactory sera gave blank counts in excess of 30,000 per mm8. for group A and B subjects, although all but two of them appeared to produce complete hemolysis on examination of test cells by the unaided eye. The details of blank counts obtained with the 13 sera with low blank counts are shown in Table I , and the results of blank counts on group AB subjects are shown in Table II .
In several instances the blank counts of subjects were repeated, using the same antisera, after varying intervals of time. These included the recipients used in red cell survival studies where blank counts were done both at the commencement and conclusion of the study. These data are shown in Table III . It can be seen that changes in the blank count are not of sufficient magnitude to interfere significantly with the accuracy of a red cell survival study. Thus a change in blank count from 13,000 per mm3. to 10,000 per mm8. would have little effect on the accuracy in the estimation of several hundred thousand group 0 cells per mm8. used to estimate the number of group 0 cells in these mixtures. All sera used in the hemolytic method had been stored for a period of five months and counts were performed in duplicate using two separate samples of each serum. The results are shown in Table IV . The coefficient of variation attributable to random distribution of cells in the chamber in these experiments is estimated to be about 3 per cent since approximately 1,000 cells were counted in each instance.
Red cell survival studies
The survival of transfused group 0 red cells was studied in seven individuals using in each instance a method of differential agglutination in parallel with one or both methods of differential hemolysis. A summary of the donors, recipients, methods and sera employed is given in Table V . The results of these survival studies have been plotted in Figure 1 . In Cases 1, 2, and 6 the mean of the two counts has been plotted. These were obtained from the use of two separate hemolytic antisera in each observation on the number of surviving donor cells. In Cases 1 and 2 the agreement between duplicate counts was good when using different hemolytic antisera with added complement. Of seventeen such paired observations all but three were within twice the calculated standard deviation (Table VI) to be expected from random distribution of cells in the counting chamber. This standard deviation was calculated by taking the square root of the total number of cells counted using both antisera and multiplying by the dilution factor (8).
In Case 2, agreement between these paired observations using the method of differential hemolysis without added complement was not good. In all observations made after the sixtieth day the sera employed zithout added complement were found to be ineffective in hemolyzing all but a small fraction of the recipient's cells which were seen in clumps in the counting chamber when counts of the surviving donor cells were performed. A similar observation was made at about the same time and using one of the same antisera (DB1) in Case 6. In both instances the serum had been stored for a period of about six and one-half months since its collection. The loss of hemolytic activity was presumably due to a fall in the content of serum complement, but complement titrations were not performed. Also these particular Anti-A sera (DB1 and DB2) did not contain a sufficiently potent isohemolysin to be effective when diluted by the addition of fresh serum in the method of differential hemolysis with added complement. In both Cases 2 and 6 the blank count by the method of differential hemolysis without added complement finally rose to over 100,000 per mm3. at the conclusion of the studies. Apart from the unsatisfactory agreement resulting from high blank counts in the method of differential hemolysis without added complement, the agreement between the number of surviving donor cells, as estimated by the methods of differential agglutination and differential hemolysis was good. It is also apparent that there was no systematic error involved since neither method gave consistently higher or lower readings than the other. Agreement between the methods was most satisfactory in Case 7 which was the last to be performed, a fact which may be attributable to increasing experience in the use of both the methods of differential agglutination and differential hemolysis.
DISCUSSION
The results obtained demonstrate the possible applications and limitations of the method of differential hemolysis to estimate the survival of red cells following transfusion. Experience with the method of differential hemolysis in which no complement was added to the system showed that this technique was not reliable if the hemolytic antisera were stored for periods in excess of about five months. This was due to the fact that the blank counts obtainable with such sera rose after this time due presumably to the loss of hemolytic complement activity. This difficulty was overcome for potent hemolytic antisera by the addition of complement in the form of fresh serum to the system.
The method of differential hemolysis with added complement proved to be a practical and reliable method for the determination of red cell survival in the cases studied. Features which were considered satisfactory in the method included the following: The blank counts with potent antisera were low and compare favorably with those reported for the method of differential agglutination especially for recipients with blood of group B. (9) postulate that unagglutinable cells become saturated with antibody before they have a chance to collide with other cells and that the complete saturation of their antigen receptors leaves none of these available for reaction with antibody fixed to other free or agglutinated cells. Another possible explanation for lack of hemolysis would be the consumption of hemolytic antibody or of complement. This, however, was evidently not the case since red cells added to a system containing this small number of unhemolyzed cells were readily hemolyzed showing that neither antibody nor complement had been exhausted. The mechanism responsible for unhemolyzed cells is not known.
The observation that fresh normal human serum proved a more satisfactory source of hemolytic complement than reconstituted lyophilised guinea pig serum in conjunction with the action of isohemolysins on the cells of the appropriate blood group was unexpected. In other reactions involving complement, guinea pig serum is found to be more effective than normal human serum because of the higher complement titre of the former.
Finally, the observation that the great majority of the red cells of a group AB individual were susceptible to hemolysis by either Anti-A serum or Anti-B serum but not by both was interesting. The fact that 5 to 45 per cent of all the cells were not hemolyzed by one type of antiserum suggests an unequal distribution of either the A or B antigen on the cells of these group AB subjects. However, more evidence is needed to support this hypothesis.
The survival of normal red cells transfused into normal recipients showed a life span of these cells of about 120 days-a result which is in agreement with previous similar studies. The normal life span of the red cells from a patient with congenital methemoglobinemia and the decreased life span of elliptocytes in the circulations of normal recipients are also of some interest. 
